Effect of air pollution in the industrial area of Jeddah city, Saudi Arabia on three tree species Camphor (Cinnamomum camphora), Henna (Lawsonia inermis), and Bougainvillea (Bougainvillea spectabilis) has been studied with special reference to characteristics of leaves. These plant species were chosen because they are common and in the industrial and control areas. leaf area, number of stomata, stomata length and width and stomata pore width and length of these plant species were investigated. The results of this study with all trees species showed significant decrease in plant leaf area and stomata number in the industrial zone comparing with the control area. The results of those tree species indicated marked alteration in epidermal traits, with increased stomata length and width and stomata pore width and length collected from industrial site than those from control site. These changes in the leaf area and epidermal traits could be as indicator of environmental stress and can be recommended in the industrial areas for the early detection of air pollution.
Introduction
indicated that the air pollution is a major environmental problem, mainly in the developing countries. Plant leaf is the most sensitive part to be affected by air pollutants instead of all other plant parts. Several studies recorded reduction of leaf area and petiole length under pollution stress (Jahan and Iqbal, 1992; Dineva, 2004 and Tiwari et al., 2006) . Abdulmoniem, (2011) reported that in polluted sites, leaves became smaller with reduced length and width and stomatal index per leaves area. Saadullah and Mudassir (2013) reported that all plant species studied exhibited significant reduction at polluted site in their leaf area when compared with the same plant species of non-polluted site.
The response of stomata characteristics to the environmental stress is an important attitude of controlling the absorption of pollutants by plants (Gostin, 2009 ). Farmer (1993) reported that cement dust pollutants block the stomata and reduce their number of annual crops. Various authors underlined the reduction in stomata size, as a consequence of pollution stress (Gupta and Iqba, 2005; Maruthi Sridhar et al., 2007; Verma et al., 2006) . Tiwari et al. (2006) reported that the pollutants can cause foliar injury, stomata damage, premature senescence, reduced photosynthetic activity, disrupts membrane permeability and thus the normal growth and development. Meerabai et al., (2012) in their study on pigeon pea, found slight decrease in leaf area and size of stomata, density of stomata, stomata frequency and stomata index as affected by pollution. Verma et al. (2006) find significant decrease of stomatal density and frequency in Ipomea pes-tigridis grown under various degrees of environmental stresses. Saquib et al. (2010) reported that the air pollution lead to the significant reduction in size and biomass of root and shoot, photosynthetic rate, stomatal conductance. Ogunkunle et al. (2013) studded the anatomical features of leaves of two plants (Pennisetum purpureum Schumach and Sida acuta Burm. F.) growing around a cement factory, and found significant modifications in the stomatal size, density and index of leaves of S. acuta exposed to cement dust pollution. Youssef et al. (2013) reported that the trees of Ligustrum japonicum and Olea europea (Oleaceae) growing under industrial areas showed stomata closed completely with pollutants particles and consequently expected to affect the physiological operations inside the plant cell.
This study was undertaken to assess the changes caused by urban air pollution on number and size of stomata and epidermal cells in the leaves of the industrial area of Jeddah city, Saudi Arabia on three tree species Camphor (Cinnamomum camphora), Henna (Lawsonia inermis), and Bougainvillea (Bougainvillea spectabilis).
Materials and Methods
The study area
This study was conducted at Jeddah city industrial area, which is situated between 21°24′37″N latitude and 39°14′30″E longitude and the control area (the Agricultural Research Station, Hada Al-Sham, King Abdulaziz University at a distance of 120 km north-east of Jeddah) which situated between 21°47′50″N latitude and 39°43′33″E longitude in the West of Saudi Arabia.
Plant Materials
Three plant species with the same age, namely Bougainvillea (Bougainvillea spectabilis), Camphor (Cinnamomum camphora) and Henna (Lawsonia inermis) were selected for this study, as they were common in Jeddah industrial area (polluted) and the control area (unpolluted).
Morphological measurements:
Leaf area (cm 2 ):
For determination of leaf area 50 fully expanded leaf samples were collected from the middle 5 th branch of each tree in four replicates per each of the two sites. The fresh leaves were digitized with Samsung SCX-4216 colour scanner. Later the scanned leaves were processed using digital image analysis software package (Image Tool, version 3.0) (UTHSCSA, 2002).
The leaf area was measured to the nearest 0.1 cm 2 .
Leaf morphology
For Scanning Electron Microscopy (SEM) studies the samples (leaves) were cut as small pieces and placed on the double side carbon tape on aluminum stub and dried in air. All samples were sputtered with a 15 nm thick gold layer (JEOL JFC-1600 Auto Fine Coater). The specimens were examined with a scanning electron microscope Quanta FEG 450, FEI, Amsterdam, Netherland. The microscope was operated at an accelerating voltage of 20 kV, according to (Dykstra, 1993 and Hayat, 2000) . Stomata apertures were automatically detected in the binary image according to the logical threshold and their area was measured interactively at ten randomly chosen leaf positions within a frame area of 0.075 mm 2 , excluding Stamata overlapping the margins. The number of stomata per frame was then converted to stomata per mm 2 .
Experimental Design
A completely randomized design with 4 replications were used to study each plant species separately where the industrial zone of Jeddah (polluted area) and the Hada Al-Shame (control area) were the treatments.
Statistical Analysis
Statistical analysis of the obtained data were statistically analyzed through analysis of variance and mean separation procedures after the assumption of the analysis of variance were tested and applied according to El-Nakhlawy (2010 ) using SAS (2006 .
Results and Discussion
Number of stomata and leaf area in the plant leaves Analysis of variance Analysis of variance number of stomata and leaf area in the leaves of Bougaivillea under the effects of the industrial pollutants and the control area (Table 1) showed significant effects at p≤0.05 and p≤0.01 for both characters in all three trees leaves. Comparison between the means
Bougaivillea trees
As shown in Table ( 2) the plant leaf in the industrial zone had number of stomata and leaf area less than under Hada Al-Sham (control) with significant values. Number of stomata/leaf in the industrial zone around 1/2 the number/leaf under the control and around 0.66 of the leaf area compared the control. 
Camphor trees
As shown in Table ( 2) the plant leaf in the industrial zone had stomata number and leaf area less than in the plant grown in Hada Al-Sham (control) with significant values.
Henna trees
As shown in Table ( 2) the plant leaves in the industrial zone had stomata number and leaf area less than in the plant leaves of Hada Al-Sham (control) with significant values.
The frequency of stomata as a response to the environmental pollution is an important manner of controlling the absorption of pollutants by plants. The results of this study with all trees species showed a significant decrease in stomata number in the industrial zone comparing with the control area. This results are confirmed with the results of (Salgare, and Acharekar 1990; Verma et al., 2006; Lakshmi et al., 2009; Tiwari, 2012 and Meerabai et al., 2012) .
Leaf is the most sensitive part to be affected by air pollutants instead of all other plant parts such as stem and roots. The results of this study with all trees species showed significant decrease in plant leaf area in the industrial zone comparing with the control area. Similarly, significant growth reductions have also been reported for leaves from other tree species in heavily polluted areas (Platanus acerifolia, Ficus bengalensis, Guaiacum officinale and Eucalyptus sp., Nivova et al., 1983; Jahan and Iqbal, 1992) . Also, Saadullah and Mudassir (2013) showed that all studied plant species exhibited significant reduction at polluted site in their leaf area when compared with the same plant species of non-polluted site.
Stomata structure in the plant leaves Stomata width and length Analysis of variance
Analysis of variance of stomata width and length in the plant leaves under the effects of the industrial pollutants and the control area (Table 3) showed no significant effects at p≤0.05 for both characters in all three trees leaves. 
Comparison between the means
Mathematically stomata width and length were in larger under the Hada Al-Sham than the industrial zone but without significantly differences (Table 4 ). 
Bougaivillea trees
As shown in Table ( 4) the plant leaves in the industrial zone had stomata width value 8.953 and stomata length 18.315 µm and in Hada Al-Sham (control) the values were 9.208 and 18.403 µm.
Camphor trees
As shown in Table (4) the plant leaves in the industrial zone had stomata width value 6.066 and stomata length 14.113 µm and in Hada Al-Sham (control) the values were 9.435 and 18.035 µm.
Henna trees
As shown in Table (4) the plant leaves in the industrial zone had stomata width value 6.066 and stomata length 14.113 µm and in Hada Al-Sham (control) the values were 7.836 and 15.873 µm.
These results of all tree species are confirmed with the results of Verma et al., (2006) and Pourkhabbaz et al. (2010) . Negative effects of air pollutants on stomatal densities and opening have also been found in other species such Trifolium repens, Trifolium pratense, Cicer arietenum, Acer saccharum and Ipomea pes-tigridis growing in polluted areas Butler 1973, 1975; Garg and Varshney 1980; Ghouse et al., 1980; Verma et al. 2006) . Gostin (2009) reported the decrease in stomatal size in Lotus corniculatus, Trifolium montanum, T.pratense, and T.repens.
Stomata pore width and length

Analysis of variance
Analysis of variance of stomata pore width and length in the plant leaves under the effects of the industrial pollutants and the control area (Table 5 ) showed no significant effects at p≤0.05 for both characters in all three trees leaves. 
Comparison between the means
Bougaivillea trees
As shown in Table ( 6) the plant leaves in the industrial zone had stomata pore width and length with values of 4.524 and 12.482 µm, respectively while in of Hada Al-Sham (control) these were 6.586 and 12.298 µm, respectively. 
Camphor trees
As shown in Table ( 6) the plant leaves stomata pore width and length were 3.0003 and 8.375 µm, in the industrial zone, while in the plant leaves of Hada Al-Sham (control), were 4.9723 and 10.763 µm, respectively.
Henna trees
Table (6) means revealed that the stomata pore width and length of the leaves in the industrial zone were 1.857 and 7.273 µm, respectively, while in the plant leaves of Hada Al-Sham were 3.0003 and 8.375 µm, respectively.
These results of the studied tree species are confirmed with the results of Iqbal et al. (1996) , Pal et al. (2002) , Honour et al. (2009) and Saquib et al. (2010) . Verma et al., (2006) reported that the reduction in stomatal densities and their pore size may be important for controlling absorption of pollutants and limits the photosynthesis at the same time (Taiz and Zeiger, 2010 
